The quality of the aquatic environment was strongly influenced by the development of urbanization, industrialization and population growth, and therefore water pollution, mainly due to the presence of heavy metal, becoming a widespread concern. The objective of this work was to evaluate the possibility to remove heavy metals Cd, Zn, Cr and Ni from wastewater using two aquatic plants, water hyacinth (Eichornia crassipes) and water lettuce (Pistia stratiottes). These plants possess excellent abilities to metabolize and bioaccumulate heavy metals from various polluted aquatic environments. For a period of 30 days, the content of heavy metals from wastewater and aquatic plants samples was monitored weakly and the efficacy of these plants to remove heavy metals was quantified. Heavy metals were determined by atomic absorption spectrophotometry with graphite furnace (GFAAS). The obtained results have shown the efficacy of Eichornia crassipes and Pistia stratiottes to remove metals from the studied wastewater. The bioaccumulation rate of heavy metals in plants was effective until day 24 of the period of 30 days of the experiment, as the plants become inefficient beyond this period. The uptake of heavy metals in the studied aquatic plants depends on the concentration of each heavy metal present in the used wastewater and the exposure time.
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Water being the essential element to humans, animals and plants,, its quality is very important for quality of life and environment, as well [1, 2] . Nowadays, water pollution represents one of the most significant environmental concerns, the quality of water resources being affected by various forms of pollution [3, 4] . The main factors responsible for increased pollution are the development of urbanization, industrialization and population growth [5] [6] [7] . As a consequence, at European level water quality protection has become a priority, the adopted by all European countries of Water Framework Directive 2000/ 60/EC being an evidence of this concern. At the same time, many studies have been focused on finding new solutions for prevention and removal of the environmental pollution. Due to their toxic effects even at very low concentrations, since the early 70s, heavy metal pollution of aquatic environment has become a major global problem [8] [9] [10] [11] [12] [13] [14] .
In the early 80s, the idea of using plants to remove the accumulation of heavy metals and other compounds has been launched, phytoremediation being considered as a very promising process for the removal of both the organic and inorganic pollutants [15] [16] [17] [18] . Connected to this, aquatic plants have the ability to metabolize and remove efficiently different pollutants from various aquatic environments, the primary objective in the process of water treatment being to remove or reduce pollutants to a level that does not cause any negative effects on the environment and on humans.
Aquatic macrophytes have been shown to play an important role in the biogeochemistr y of aquatic environment due to the active and passive movement of elements [19] . The passive adsorption process is actually an ion exchange reaction taking place without energy consumption on the surface of the plant. The active absorption of elements in plants can promote * email: petraionescu2012@yahoo.com immobilization in vegetal tissues, process consuming a large amount of energy, as experiments of wastewater treatment including phytoremediation confirm [19, 20] .
Among the aquatic plants capable of removing pollutants, the water hyacinth (Eichornia crassipes) and water lettuce (Pistia stratiottes) are two plants with a high bioaccumulation capacity, with excellent properties to metabolize and absorb pollutants from various aquatic environments, being used in recent years to remove nutrients and metals from various aquatic environments [19] [20] [21] [22] [23] [24] . According to already recorded studies, the metals are fixed in the roots and leaves of the aquatic plants only for a limited period of time [20] . Therefore, plants must be harvested and removed in time from the aquatic environment in order to prevent their decomposition and to avoid the reintroduction of pollutants into the aquatic environment. The phytoextraction potential may be estimated by calculating the bioconcentration factor or the biological absorption coefficient [25] .
The bioaccumulation factor (BCF) is defined as the ratio of the metal concentration in plant (µg/g), and the metal concentration in water (µg/mL) [26] .
In this study, a pilot-scale experiment regarding biological treatment with aquatic plants (as an alternative wastewater treatment method) has been developed, using wastewater containing heavy metals and monitoring the heavy metal retention capacity of each plant species.
Experimental part
Glass pots of 35x35x30 cm ( fig. 1 a-b ) containing about 10 grams of macrophyte plants have been used to perform the experiments of this work. The aquatic plants were young, being purchased from specially designed ponds and being grown under optimum conditions. The experimental pots were placed in the laboratory, exposed to daylight, at about 28°C, allowing biomass growth for a period of 30 days. A volume of 30 L of waste water has been used in this experiment, being maintained constant throughout the entire period by addition of double distilled water and maintaining water re-circulation throughout the experiment (summer 2015 June-July).
All reagents used were of high purity grade and all solutions for calibration, samples and rinsing were prepared using ultrapure water and Suprapur® nitric acid (65 %, v/v) purchased from Merck, Germany. Certified stock standard solutions of metals were purchased from Fluka and all solutions were prepared with deionized water using the MicroPure ST system. All stages of sample preparation and analysis were carried out in a clean environment for of element contamination.
To establish the efficacy of removing metals from wastewater and the degree of their retention in plants, weekly samples of wastewater and plant tissue were collected. After harvest, plants were rinsed with deionized water to remove residual particles and dried at 105 °C for 72 h. Samples of wastewater and plants were mineralized with HNO 3 (65%) and H 2 O 2 (30%) using an Ethos Milestone microwave digester. From the mineralized samples the concentrations of heavy metals (Cd, Zn, Cr and Ni) has been determined by using an atomic absorption spectrophotometer SOLAAR M5 provided with flame and graphite furnace. All analyses were done in triplicate to ensure reproducibility of the results.
Results and discussions
The experiments were conducted to investigate the bioaccumulation capacity of aquatic macrophytes (Eichornia crassipes and Pistia stratiotes), the effect of removing metal from the aquatic environment and the optimal bioaccumulation time.
The results have proved the efficacy of the plants used for the removal of metals from the studied waste water, the bio-accumulation rate being effective until day 24 of the experiment as the plants become inefficient beyond this period ( fig. 2 and fig. 3 ). The uptake of metals in the plants depends on the concentration of each metal in the wastewater and on the exposure time.
After calculating the recovery degree of metals of the two plant species, studies have shown that the water hyacinth has a greater efficacy than the water lettuce ( fig.  4 and fig. 5 ) in terms of water treatment.
Zn and Ni present a higher accumulation due to the fact that they are micro-nutrients for plants. It is known that the zinc is a component of enzymes (alkaline phosphatase, carboxypeptidases, etc.) being vital for the carbohydrates and phosphorus metabolism, and for the ribonucleic acid synthesis [26] .
During the experiment it was found that an increase of the pH led to an increase of the absorption capacity of metals ( fig. 6) .
Water hyacinth has a greater capacity to bioaccumulate (remove) metals from the aquatic environment compared to water lettuce because this species grows in abundance, covering the entire surface of water in a short time and has also the ability to withstand high levels of these metals, as observed in figure 7 and figure 8 . due to their accelerated growth, these plants can be regarded as one of the renewable energy resources of the future. This alternative method of removing pollutants from wastewater is at the same time a sustainable, effective, cheap and practical treatment technique. Results from the present study show that water hyacinth has a very high accumulation capacity for metals from wastewater during the 30 days of the experiment ( fig. 9 ).
Maximum removal of metals was recorded on 24 th day of the experiment ( fig. 9 and fig. 10 ).
The BCF values for water hyacinth indicating the species as a hyperaccumulator for nickel ( fig. 9 ) and the BCF values for water lettuce indicating the species as a hyperaccumulator for cadmium ( fig. 10 ). However, the values for the other elements are also high ( fig. 9 and fig.  10 ). 
Conclusions
This technological experiment has been studied as an alternative method of wastewater treatment, proving the efficiency of phytoremediation and the removal potential of heavy metals from the aquatic environment.
The harvested plants, rich in accumulated metals, can be processed by drying, calcination or composting. The dried material can be burned to produce energy, and the metals can be recovered from the obtained ash after applying an acid treatment.
These aquatic plants represent a cheap and efficient material for wastewater pollutants removal process, and
